Cardiac failure is a common problem with a poor prognosis, with average five year survival of only 20%.1 Long term survival following myocardial infarction is directly related to left ventricular function,2 but may be improved with angiotensin converting enzyme inhibitors. 3 Diagnosis of left ventricular dysfunction by clinical examination alone is inaccurate,45 while radionuclide angiography provides accurate prognostic information6 but at a cost to the patient of exposure to radioactivity and to the investigator of greater expense. It also has the disadvantage that the necessary equipment may not be available in a district hospital. Echocardiography provides a low risk procedure which is widely available at relatively low cost.
Various echocardiographic indices have been shown to have prognostic significance in cardiac failure and following myocardial infarction. These include the more simple estimates of left ventricular function derived from M mode measurements, such as fractional shortening,78 but they have the disadvantage that they may underestimate damage where a chamber has been patchily affected. Cross sectional echocardiography has a similar prognostic value to radionuclide ventriculography for evaluating patients following myocardial infarction.9 However, detailed investigation of global left ventricular dysfunction takes time and algorithms may still overestimate ejection fraction when the ventricles are damaged segmentally. Many cardiologists appear to be influenced in their review of echocardiograms by an overall visual impression of ventricular function as opposed to a rigid interpretation based on quantitative measurements. Simple qualitative estimates of cardiac function have been shown to have a sensitivity of 82% and specificity of 86% when compared with quantitative cross sectional echocardiographic algorithms (using mainly the modified Simpson rule).5 There has been no previous study of the prognostic value of qualitative impressions of overall left ventricular function.
Our study was undertaken with three objectives: first, to determine whether qualitative echocardiographic estimates From the database a cohort of patients was defined as those who had undergone at least one echocardiogram during the first five years of this service (1990 to 1994), and whose survival could be determined by reference to the patient register of the local family health services authority. This register records the date, but not the cause, of death. Patients not known to be dead were assumed to be alive at the censoring date of 31 January 1995.
The cohort was further restricted to those patients whose echocardiogram had been reported by a single consultant cardiologist (KSC), to improve consistency. Patients undergoing echocardiography for reasons other than assessment of left ventricular function, or those in whom the quality of the echocardiogram was recorded as "poor" at the time of the examination, were excluded from this cohort. Finally, the cohort was divided randomly into a "training set" (two thirds of subjects), which was used to develop the prognostic model, and a "validation set" (one third of subjects) which was used to assess it.
Seven quantitative echocardiographic indices were selected for analysis on the basis that these measurements would be taken in usual practice. These were left atrial diameter, aortic peak instantaneous gradient, left ventricular ejection fraction, left ventricular dimensions (posterior wall thickness, septal wall thickness), left ventricular hypertrophy, and the pressure gradient across the tricuspid valve derived from the peak velocity of the tricuspid regurgitant jet, when present.
For jet) to allow assessment of non-linear association. If this was non-significant, the variable was treated as a continuous linear measurement, with the exception of left ventricular hypertrophy which was graded as present or absent. The "normal limits" of these measurements were therefore not relevant.
The resulting model was checked in two ways: (1) the predictive value of the model was assessed using Harrell's c statistic, an extension of Kendall's Taua rank correlation to censored data; (2) the validity of using a proportional hazards model in the training set was checked by plotting a log(-log) plot of survival in the three prognostic groups. Finally, the model was used to divide the patient cohort into three prognostic groups, for which survival curves were plotted.
Results
An initial cohort of 2964 patients met the inclusion criteria for the study. Subsequently, we excluded 780 patients who had undergone echocardiography for a reason other than assessment of left ventricular dysfunction, 148 patients in whom the quality of the echocardiogram was recorded as "poor" at the time of the examination, and a further 659 patients for whom one or more variables was missing.
The characteristics of the resulting cohort of 1377 patients are shown in table 2. In all, 215 patients had died by the censoring date. For those who survived, the maximum period of follow up was 1818 days (4-98 years) and the minimum was 307 days (0-84 years).
The cohort was then divided randomly into a "training set" of 919 cases and a "validation set" of 458 cases.
COX REGRESSION
In the Cox regression year of echo was fitted first as a factor, since it was assumed that the case mix would have changed over the period of service development. The effect of year was highly significant (X2 on 4 df = 30 04, P << 0-001). All further analyses were therefore adjusted for this variable.
The qualitative "eyeball" assessment made by the reporting consultant, though expressed as one of four categories, in fact showed a clear distinction between normal/mild impairment (relative risk (RR) 1 00 and 1-035) on the one hand and moderate/severe impairment (RR Prognostic implications of qualitative assessment of left ventricularfunction compared to simple routine quantitative echocardiography Figure 1 shows the distribution of the prognostic index in our cohort. Higher values of the prognostic index imply a worse prognosis.
As the distribution of values of the prognostic index was unimodal, that is, with no obvious natural separation, three groups were arbitrarily defined using tertiles of the prognostic index in the training set, which were 4-91 and 5 97. Survival for the three groups so defined (all years combined) is shown in fig 2, using the same cutoff values for both training and validation sets.
Almost the whole of the "good" prognosis group was alive at three years (1096 days), while about 90% of the "moderate" and 60% of the "poor" groups survived this period. In its present form, the index is evidently best at the distinction between "poor" and "not poor" but, as previously indicated, the discriminating power is only moderate. A rough check on the proportional hazards assumption of the regression model was made with a log(-log) plot of survival in the prognostic groups of the training set. For all years except the fifth this condition was reasonably fulfilled. '7 we suggest a number of reasons why it does not emerge as an important independent prognostic factor. The Teicholz method makes four fundamental assumptions: that the ventricle approximates an ellipse; that it contracts symmetrically along the major axis with little shortening in the major dimension; that the internal dimension measures the maximum circumference; and that the major axis is twice the minor axis dimension. However, both in normal systole and in the presence of left ventricular dysfunction, the left ventricular shape is actually more variable and less ellipsoid than assumed. Left ventricular wall thickening is unequal in different regions of the normal ventricle and this variation will be more marked in the diseased ventricle. More importantly, echocardiographic measurements of stroke volume and ejection fraction may overestimate myocardial function because of patchy damage. Difficulties also arise where there is left bundle branch block or right ventricular dilatation, which produce incoordinated septal contraction or paradoxical septal motion. Indices of function based upon single measurements may then be incorrect because recordings are taken in areas of actively contracting ventricle. The Teicholz measurement has not been studied before for its prognostic significance in unselected patients referred for assessment of left ventricular function, and we believe it fails because of the frequency of regional motion defects in the typical hospital population.
Left atrial diameter and aortic peak instantaneous gradient are quantitative variables which have previously been found to have prognostic significance after myocardial infarction and in dilated cardiomyopathy."" I Our larger study has failed to confirm this, but there are differences in the study methodologies. Our study population comprised unselected patients referred for assessment of left ventricular function and no other selection criteria based on underlying pathology were applied, so it is likely to have been more heterogeneous than those of previous studies. Left atrial diameter is a single measurement from M mode recordings and is susceptible to the errors of measurement we have described above. The aortic peak instantaneous gradient, although related to left ventricular output, is also affected by other factors such as the effective valve area. In particular, age is known to have an important influence on Doppler flow velocities. 18 Interpretation of Doppler measurement of the aortic peak instantanqous gradient is problematic in some clinical settings. Previous studies have shown that both an increase in preload and a reduction in afterload may result in increased Doppler aortic peak velocity.'920 For example, in a patient with ischaemic left ventricular failure an expected decrease in aortic peak instantaneous gradient may be masked by a decrease in afterload, resulting from nitrate treatment, which would lead to an overestimation of ftunction.
Aortic peak instantaneous gradient and peak velocity of the tricuspid jet share the limitation that they are late indicators of left ventricular dysfunction. Peak aortic gradient is only impaired in those with advanced left ventricular failure. Tricuspid regurgitant jet velocity would be expected to alter when there is right ventricular dilatation secondary to the development of pulmonary hypertension or in association with septal disease. This change occurs later in the natural history of failure and is likely to be a marker only of long standing or severe disease. The velocity of the tricuspid regurgitant jet is affected by changes in atrioventricular flow which occur during respiration and with changes in heart rate. We have shown that these two Doppler indices are poor prognostic discriminators in an unselected population referred for assessment of function. Further development of three dimensional and contrast echocardiography may allow the application of other quantitative indices of left ventricular function which could be used with greater accuracy.
In addition, there are two important limitations to this study which should be borne in mind when comparing our results with those of previous reports. First, potential prognostic variables related to the patient and their clinical management were not included in the model. While age-which was included-was an independent predictor of mortality, we did not take into account risk factor profile, aetiology, intercurrent illness, or alteration of treatment following echocardiography. Furthermore, in the absence of data on cause of death, all cause rather than cause specific mortality is the end point of our analysis. Second, we have not yet examined the question of variability in patient handling during the investigation. All echocardiograms were reported by a single consultant but the measurements were made by different technicians. It is possible that interobserver variability was sufficiently great to negate the prognostic significance of the quantitative indices examined. Previous studies have found considerable inter-test variability of M mode variables such as end diastolic diameter and septal and posterior wall thickness. [21] [22] [23] In comparison with measurements from magnetic resonance imaging, echocardiographic estimates of left ventricular mass vary by an average of 11 % (SD 6.4%).24 However, we have no reason to suppose that the measurements made in our unit are inherently more variable than those of routine practice in a district general hospital department, suggesting that these results are relevant to everyday clinical practice. We are currently investigating inter-test variability of both quantitative and qualitative assessments, which will be the subject of a future report.
Our report is of the type which Simon and Altman term a "phase 2" study-that is, it was exploratory and hypothesis generating, yielding results which need confirmation.25 For example, while the values for c indicate only moderate discrimination, further studies will be needed to prove whether such a value is in fact typical in practice. Our results certainly show that routinely collected diagnostic data can be used for prognostic studies. However, survival analysis involves much more than the estimation of Cox regression coefficients. Even variables that have a strong, statistically significant association with survival may not have great discriminating power in terms of predicting outcome. Models need to be checked to ensure that basic assumptions are met, or at least not seriously violated, and allowance should be made for "overoptimism" in the sense that a model is bound to fit best to the data that generated it.
CONCLUSIONS
In this study, qualitative assessment of left ventricular function has been shown to have individual prognostic significance in a standard hospital setting. Since qualitative assessment depends upon a global impression of function gained from all echocardiographic views obtained, it is plausible that such an assessment would be better at predicting survival in an unselected group of patients, including those with patchily damaged ventricles, than quantitative measures which reflect single elements of ventricular structure or function.
The obvious disadvantage of the eyeball assessment is that it is likely to be very dependent on the reporter's experience and, if used more widely, would require each echocardiographer's ability to assess left ventricular function to be subject to some form of quality assurance. However, our study has also shown that it is possible to link routinely collected survival data to the results of clinical investigations and it might therefore be possible to audit a reporter's capability in a similar way. A qualitative assessment of wall motion index has previously been shown to have prognostic significance in cardiac failure,26 and recently treatment based upon wall motion index has been shown to improve outcome. 27 It would seem that qualitative measures of left ventricular function by skilled echocardiographers may be more useful in routine practice than the quantitative methods specified by more complicated intervention trials, and it should be remembered that much of clinical examination, radiology, and histopathology is also founded on subjective assessment. However, the value of our index must finally depend on whether others find it of practical use. 
